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Abstract

In this paper, we formulated a mathematical model of the dynamics of Ebola
virus infection in human cell population, using ordinary differential equation.
We have shown the positivity of solutions of the model equations. The virus free
and virus persistence equilibrium points were obtained. We computed the basic
reproduction number of the system and shown the global stability of virus
persistence equilibrium state.
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1.0 Introduction

Ebola virus is a long filamentous, enveloped virus, consisting of a negative sense single-structural Ribonucleic acid
(ssRNA) virus, un-segmented and the genome of the Ebola virus is encoded with Seven structural proteins and two
non-structural proteins, such as, Glycoprotein (GP); Nucleoprotein (NP); viral protein 24 (VP24); viral protein 30
(VP30); viral protein 35 (VP35); viral protein 40 (VP40); and RNA-polymerase protein (L-polymerase) [1,2]. Ebola
virus belongs to a family of filoviridae [2]. The virus is classified in to five distinct species namely, Reston Ebola virus;
Cotes d’Ivoire Ebola virus; Bundibugyo Ebola virus; Sudan Ebola virus; and Zaire Ebola virus [2].

The virus was first discovered in 1976 in Democratic Republic of Congo [3]. Recently, the virus again resurfaced in
some West Africa Countries like Guinea, Sierra Leone, Liberia and Nigeria. The latest eruption of the virus was the
deadliest in its history [4]. There was an outbreak of the virus between December 2013 and 2015, which was referred to
as Zaire Ebola species and known as Ebola virus [2]. It causes, serious incidence of haemorrhagic fever and illness in
humans who are exposed to the virus [5]. It was reported that at least a total of 23,014 cases occurred of which 9, 840
resulted to deaths [6]. In Nigeria, it was confirmed that a total of 19 cases occurred, of which seven (7) died and twelve
(12) survived a fatality rate of 40% compared to 70% fatality rate reported in other Africa Countries [7].

The incubation period of Ebola virus ranges from 2 to 21 days and infectious periods ranges from 4 to 10 days [8].
Mecanwhile, it takes an approximation of 31 days to quarantine a patient under investigation of the Ebola virus.
Consequently, the symptoms of the Ebola virus are characterized by headaches, fever, vomiting, bleeding diarrhea, and
rash [9] in infected person, severe bleeding and shock are usually followed by death. The World Health Organisation
has not yet approved any vaccine or antiviral drugs for Ebola virus, rather a trial vaccine is been administer on patients
[2]. The spread of the virus and eventual death of infected patients was largely contained (reduced) through early
detection and effective contact tracing [1]. ;

Ebola virus is known to cause damage to large variety of cell types including monocytes, macrophages, dendritic cells,
endothelial cells, fibroblasts, hepatocytes, and several types of epithelial cells. The primary targets of the virus are
dendritic, monocytes and macrophage cells. These are the cells infected in the early stage of the virus infection in the
body which spread through the organs [10].
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rophage encounter APC and refease a protein called interlenkin-1(IL-1) that acts as a chemical alarm signal; He
’“m-ml and release interlenkin-2(1L-2) by simultaneously initiating two parallel lines of immun‘
Systom defence: the cell-mediated response carried out by T-cells, and humoral response carried out by B-cells [111
The of this paper is as follows, in the next section, we present the formation of our model equations, we bl
me state and virus persistence equilibrium and we obtain the basic reproduction number of
e infoction and determined the global stability of the virus persistence equilibrium state. :
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) &.m-u cell population and immune response is developed by incorporating humoral immunity, -
v and clearance of the free virus. The cell population is partitioned into five compartments, these are: U(t)=
e Uninfected cells, this is the class in which cell population are free from the virus but open to infection as they
:  imteract with the free virus class: K1) = Infocted cells, this the class in which the cell is infected and are infectious: V@)
= free Virus class, this is the class that interact with healthy cells to become infected; T(t) = Cytotoxic T-Lymphocyte
CCTL), this is the class that kill infected cell from the cell population; B(t) = Humoral immunity produce by B-cells,
Shis is the class that clear the free virus from the system.
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al v (1-=) <0 (65)

Furthermore. since all the model parameters are non-negative, it fO"mYS that F < 0 for R, > 1, thys Fisa Lyapung
function for sub system of the model (1)- (5) and is globally asymptotically stable. Therefore, jt follows by Lassa”e'v
Invariance Principle [ 14] that, s

hmU() =0, IimV(@)=V" and !iml(t) =" (66)
[~ [ ~ax -y
Since 1(1) = /™ as t = x, it follows from the equation (4) at steady state, that
( )=0 - (67)

The eprdemiological imphcation of the Theorem 1, is that Ebola virus will be establish in the
> / and the immune responses against the Ebola virus in the cell population move to

established in the body

CONCLUSION

This paper shown the posivty of solutions of the model equations (1)-(5), which implies, that the s

positive for all ime, 1 and the model 1s epidemiologically meaningful and well pose. Equation (22) and

existence of virus froe and varus persistence equilibria points. Equation (41) computed the basic

of the sysiem and Equanons (63), (66) & (67) shown the global stability of virus persistence

found that the virus persistence equilibrium is globally asymptotical stable (GAS) when ' > 7.
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